Introduction
Higher energy prices in the new century, especially in oil prices, have created significant opportunities and challenges in the world economy, triggering substantial research on its consequences in the literature.
1 The Brent oil price, which was $23.64 1 Higher energy prices have affected many key macroeconomic variables in China and other emerging markets as Figure 1 shows the cash flows in levels. On average, the cash flow of the energy firms is larger than that of the firms in other industries by as much as six times. The difference has been more significant after the 2008 financial crisis when oil prices rebounded quickly after a significant drop during the crisis. The right panel of Figure  1 exhibits the percentage of cash flows for energy firms and also the share of such firms in overall firms (excluding financial firms) listed on the Shanghai and Shenzhen stock exchanges. The percentage of cash flows in energy firms relative to all firms is well above 15% and reached around 25% in the period [2009] [2010] [2011] [2012] . In addition, the Chinese energy firms have been actively involved in exploration and development (E&D) activities and spent heavily on investments around the world. According to the Heritage Foundation, there has been around $144 billion direct investment between 2005 and 2011 (Tan, 2013) from China to the rest of the world in the energy/resource sector, which accounts for about 47% of all outward direct investment of China.
The general picture observed in the Chinese energy sector in the recent years is similar to what Jensen (1986) illustrated about the US oil industry during the 1980s. As Jensen (1986, p. 326) stated: "the 1984 cash flows of the ten largest oil companies were $48.5 billion, 28 percent of the total cash flows of the top 200 firms in Dun's Business Month survey." The managers of these firms did not pay dividends to the shareholders, but they instead spent heavily on E&D and diversification programs outside of the oil industry. McConnell and Muscarella (1986) find that these expenditures reduced those firms' stock prices and the recovery rate in these investments ranged from 60 to 90 percent. Similar concerns have been raised in the literature about the Chinese firms. For example, Wei et al. (2004) , point out that the Chinese firms are reluctant to pay dividends. Hofman and Kuijs (2006) suggest that the high savings of domestic enterprises play an important role in China's fast economic growth. 3 Such high savings, in part, are mainly due to 'windfall' profits in the state owned sector, especially in the energy and resource related industries. Low well, causing wealth effects due to changes in share prices (Balcilar, Gupta, and Miller, 2015; Lin, Fang and Cheng, 2014; Nikkinen, Saleem, Martikainen and Omran, 2014; Sukcharoen, Zohrabyan, Leatham and Wu, 2014 ) , exchange rates (Sari, Hammoudeh and Soytas, 2010; Basher, Haug and Sadorsky, 2012; Turhan, Hacihasanoglu and Soytas, 2015) and the inflation rate (Tang, Wang and Wang, 2014; Zhao, Zhang, Wang and Xu, 2015) . 2 The energy firms in our study include the traditional energy industry (i.e. electricity, oil, coal and gas) and the non-traditional sector plus energy related firms (i.e. new energy firms and machinery manufacturing firms). More details on the selection of energy firms are discussed in the data section. 3 For other studies linking energy issues to economic growth, see, among others, Guan, Zhou and Zhang, (2015) , Jalil and Feridun (2014) , and Yuan, Xu and Zhang, (2015) . M A N U S C R I P T ACCEPTED MANUSCRIPT dividend payments by firms over time may suggest agency problems. 4 An important question we address in this paper is therefore whether the investments by the Chinese energy related firms increase the value these firms. Do managers of these firms have agency problems, as Jensen (1986) suggested, and hence act at the expense of their shareholders? Finding out an answer to this question has important policy implications. The empirical methodology of testing this question is well established in the main stream finance literature. Jensen (1986) proposed the free cash flow (FCF) hypothesis following the US case. He defines the FCF as the excess cash flow over what is required to fund all projects with a net positive present value (NPV). According to the FCF hypothesis, firms with free cash flows tend to face higher agency costs due to conflict of interest between shareholders and managers. Firm managers have strong incentives to invest rather than distribute the FCF as dividends despite poor investment opportunities (represented by a negative NPV). Since, in this case, the return on investment is lower than the cost of capital, investments with negative NPVs hurt the shareholders, causing the FCF problem. Following this logic, Lang and Litzenerger (1989) introduce an interaction term of cash flow and a proxy of future investment opportunities to test for the FCF problem. Cash flows can increase investment, but observing higher investment volumes during times of poor future opportunities indicates agency problem.
The key issue is how to specify future investment opportunities. Lang and Litzenberger (1989) initially suggest Tobin's Q, the ratio of the market value of the firm's assets to their replacement cost, to distinguish good investment opportunities from bad ones. However, Gilchrist and Himmelberg (1995) criticize that the Tobin's Q has low explanatory power and is an insufficient measure of investment opportunities. We therefore use the fundamental Q proposed by Gilchrist and Himmelberg (1995) in our empirical analysis. Furthermore, the FCF problem may be sensitive to a set of variables such as the corporate governance (i.e. ownership structure), size, and financial constraints. We also control for these factors in our empirical analysis when testing the FCF hypothesis. The results show that these factors indeed play an important role in testing in the FCF hypothesis for Chinese firms.
The rest of the paper is organized as follows. Section 2 briefly reviews the growing literature on testing the FCF hypothesis and related studies on the energy sector. Section 3 explains the method of estimating the fundamental Q and testing the FCF hypothesis. Section 4 describes the data while Section 5 reports the empirical results. The last section concludes the paper.
Literature review
Since Jensen's (1988) study on the free cash flow problem, there have been numerous studies in the finance literature trying to test this hypothesis. Initial studies including Lang and Litzenberger (1989) and Lang et al. (1991) use Tobin's Q to measure investment opportunities. Vogt (1994) suggests that both the free cash flow and the pecking order hypotheses are potential explanations for the investment/cash flow relationship. Perfect (1995) finds evidence for the FCF using the current measure of Q, but not for that of the long-run Q (average Q). Since then, many followers have studied this issue using data from different countries (e.g., Pawlina and Renneboog, 2005 and Zhang, 2008) .
It is important to identify good investment opportunities when testing the FCF problems. The good opportunities are often refer to projects with a positive NPV. It is often said that a higher Tobin's Q indicates good opportunities and investment is supposed to be more productive, thus increasing the firm's market value. For example, Lang and Litzenberger (1989) take Tobin Q's being unity as the threshold to test whether a firm overinvests (where Q is less than one), which is consistent with the FCF theory. Their empirical results are generally supportive of the FCF hypothesis. Furthermore, Lang et al. (1991) also use Tobin's Q as the proxy of investment opportunities and tested the FCF hypothesis in the case of tender offers. Their results are also supportive of the FCF hypothesis.
Despite the popularity of Tobin's Q, many researchers have found poor explanatory power in their empirical studies (see, among others, Hubbard and Kashyap, 1992) . The feasibility of using Tobin's Q is criticized by Gilchrist and Himmelberg (1995) , however. They point out that the low explanatory power of Tobin Q and implausibly high estimates of the adjustment cost parameters reported in previous studies make Tobin Q insufficient to control for investment opportunities. A new measure is then introduced by Gilchrist and Himmelberg (1995) to estimate Q from firm level fundamentals, and is referred to it as the 'fundamental' Q. This alternative measure of Q not only takes the current proxy for investment into account, but also employs a forecasting procedure to be more explicitly allowing for future investment opportunities.
Although the issue of FCF problem was initially arisen from the oil industry and energy-related firms, empirical studies on this particular industry are relatively less developed. Early studies such as Griffin (1988) extends the general finance literature to oil industry firms and finds supporting evidence of FCF and proves that agency problems exist in the US energy industry. Lamont (1997) looks at the firms' reactions to oil price shocks and finds that oil firms' reactions are consistent with the agency cost hypothesis as they fail to react optimally to lower oil prices. The common features of these existing studies on developed countries are that they use Tobin's Q and most of them support the existence of agency problems in the energy industry.
Entering the new century, China has facing ever-increasing pressure of energy 
Methodology
The section briefly explains the methodology used in the empirical parts. In particular, we first discuss how to estimate the fundamental Q, which replaces Tobin's Q, and then describe a dynamic investment model used to test for the FCF hypothesis.
3.1 Estimating Fundamental Q model Gilchrist and Himmelberg (1995) construct an alternative proxy for measuring future investment opportunities, namely, the 'fundamental' Q, using a panel VAR approach. Let EሾQ ୧୲ |Ω ୧୲ ሿ represents the shadow price of capital or marginal Q, where Ω it is the information set at time t. Marginal Q equals to the discounted stream of future marginal profitability of capital, which is given by ∑ λ
, where λ is the discount factor and π ୧୲ାୱ represents profit of firm i at time t+s. M A N U S C R I P T
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Considering a vector X containing observed fundamentals (a subset of the information set), a first order panel VAR model can be written as:
(1) Equation 1 allows us to control for firm-specific effects through f i and a vector of common aggregate shocks over time to all firms d t . u it represents panel residuals and are assumed to be orthogonal to the lags of X it . Forward substitute of the model in Equation 1 and applying the law of iterated expectations produces the following expression:
where Γs are complicated functions of the parameter f, A and d t . Suppose π is the j th element of X it , then we can write π it = C'X it , where C is a vector of zeros with one in the j th row and it is conformable to X it . The 'fundamental' Q can then be written as:
where I is the identity matrix and A is estimated in Equation (3).
The investment model
In order to test the FCF hypothesis, we follow the initial work by Fazzaki et al. (1988) and write our model as follows:
where I/K stands for investment divided by the beginning-of-period capital stock and CF/K stands for the cash flow scaled by the same capital stock. Q is the proxy for investment opportunities as defined above. This model also allows for the firmspecific and time-specific fixed effects through ω i and τ t , respectively. Lang et al. (1991) propose to use Tobin's Q as a proxy for investment opportunities and set unit value as a threshold to test for the FCF hypothesis. For firms with high Tobin's Q (TQ ୧ > 1), they are considered as having good investment opportunities. After adding more control variables denoted by Z, they set up the following empirical model:
where I(·) is a function that equals unit when the statement in the brackets is true and zero otherwise. ሺTQ ୧୲ < 1ሻ is a dummy variable equals 1 if Tobin's Q less than 1, which is used to represent poor investment opportunities (Lang et al., 1991) .The key indicator here is β 3 . If it is positive, it means that firms with lower investment opportunities invest their cash flows supporting the FCF hypothesis.
In our analysis, we follow the literature and include
in all our estimated regressions to control for non-modeled firm characteristics, adjustment cost and the probability of bankruptcy. We also replace the Tobin's Q with the fundamental Q to represent future investment opportunities. Of course, the threshold value is not unity in this case. 6 Since the models include lagged dependent variables, we employ the dynamic panel data model (DPD) estimation technique developed by Arellano and Bond (1991) , Arellano and Bover (1995) and Blundell and Bond (1998) and estimated through the system GMM method.
Data description
Energy related firms listed in the Chinese stock market cover electricity, coal, oil and gas, the new energy sector, and other related industries. The choice of these firms is based on the Global Industrial Classification Standard (GICS) four digit code (1010). In order to further confirm the choice of our sample companies and avoid missing any related information, we also utilize a couple of classifications from two main Chinese financial information websites. 7 After adding this information and upon further scrutiny, our sample includes 169 energy-related firms. Broadstock et al. (2012) also use a similar methodology in selecting number of firms in their sample.
The information about the financial statements and shareholding structures of the firms are collected from the RESSET database. Our sample is annual and covers the period from 2001 to 2012. Given that a balanced panel is needed for estimating the fundamental Q, we exclude data prior to 2001 as doing so would significantly reduce the number of firms in the sample. After controlling for missing data and outliers (winsorizing the top and bottom 1% for cash flow), the estimated balanced panel includes 99 firms.
Considering that the calculation of fundamental Q first requires us to run a panel VAR model and the estimated model is used for forecasting, we adopt a rolling windows method to compute the fundamental Q. To do so, we need to drop the first four years for the second step regression analysis (as the panel VAR model requires a one-year lag). In general, the total number of observations in our sample set is 1188 and the effective sample size for estimating the investment model are 792 (from 2005 to 2012).
The model variables and their sample means are defined in Table 1 . We observe that the full sample mean (the sample includes all available data, including those used in the panel VAR model) is very close to the effective sample mean (the sample used in the investment model estimation) in Table 1 , suggesting that the results are robust to the choice of the sample period.
Following Bond and Meghir (1994) , the cash flow variable is calculated by adding up operating profits before tax, interest and dividend and fixed asset depreciation. Debt is the total liabilities, which include both short-term and long-term loans. These two variables, as well as investment, sales, profit are scaled by the beginning period book value of fixed assets (adjusted for depreciation).
The size and ownership structure variables are shown to affect firm performance and firms' financial constraints, which, in turn, affect investment decisions. For example, Chow and Fung (2000) show that the size variable matters in Chinese manufacturing firms. Xu and Wang (1999) , Qi et al. (2000) , Sun et al. (2002) , and Poncet et al. (2010) report that state ownership affects firm performance and financial constraints of the firms. In order to further investigate the influence of corporate ownership on investment decisions, the full sample is divided according to the size of the firms as follows: State ownership shares, institutional shares, and management shares.
The average values of these variables for the sub-samples, which are reported in Table  2 , show some noticeable differences. When we consider the key variables such as investment and different measures of Q, we observe that small energy firms tend to have lower level of investment but better investment opportunities (both in terms of TQ and FQ). Low state share firms tend to investment more and have better investment opportunities. The mean values of Tobin's Q and Fundamental Q are not always consistent. For example, firms with high management holdings tend to have significantly higher fundamental Q but this does not hold in case of Tobin's Q. In general, the simple descriptive statistics provide some interesting preliminary information to further proceed to the empirical analysis.
The global financial crisis (GFC) in 2008 is expected to have a significant impact on firm investment and output around the world. Inevitably, the firms in China were also affected (see, among others, Bo, Driver and Lin, 2014; Wan and Jin, 2014) . Figure 1 shows the cash flow differences before and after the GFC for energy related firms in China. It is therefore important to control for the potential influence of the crisis on investment decisions in the empirical analysis. To do so, a GFC dummy variable is
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constructed, which equals unity in 2008 and 2009 and zero otherwise.
Empirical results
In this section we report the empirical results based on the investment model and fundamental Q summarized in Section 3. Both the full-and sub-sample results based on firm size and various ownership structure factors are estimated. We first discuss the baseline investment model results and then, following Lang and Litzenberger (1989) , we discuss the FCF hypothesis results under different model settings.
Full sample regression results
We first discuss the differences in results regarding the three alternative measures of future investment opportunities, namely, the sales ratio, Tobin's Q, and the fundamental Q. Table 3 reports the basic investment model regression results. Overall, seven models are considered. Model (1) Financial difficulty or the possibility of bankruptcy reduces investment, so that the coefficient on the debt to capital ratio is significant and negative. This effect is economically weaker (model 2f) or insignificant (models 3f and 4f) when the GFC dummy is included, however, suggesting that the debt to capital ratio is more important for investment decisions during financial crises. In other words, the results suggest that the financial distress faced by the energy firms may not necessarily the biggest problem, rather it is the GFC effects. When the general investment environment becomes poor during a financial crisis, firms reduce investment.
Regarding the three proxies used as the measure of future investment opportunities, the results for Model 2 and 3 in Table 3 show both the lagged sales and Tobin's Q generate a negative impact on firm's investment, whereas the fundamental Q has a positive impact. The results for the sales ratio and Tobin's Q are counterintuitive and may be driven by a significant correlation between sales and cash flows and/or not including the crisis dummy in regressions. Indeed, the negative effect on Tobin's Q becomes marginally significant after the GFC is considered. Perhaps a better explanation for the counterintuitive results follows the evidence in the literature that the fundamental Q, as a forward looking measure, is likely to be a better measure of future investment opportunities than either the sales ratio or Tobin's Q. Given the criticisms of Tobin's Q in the literature, our empirical evidence here indicates that it A C C E P T E D M A N U S C R I P T
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can produce incorrect conclusions about FCF problems in the case of Chinese data. In the rest of the paper we therefore report the results using only the fundamental Q as a proxy for future investment opportunities. Table 4 and 5 report the empirical results of testing the FCF hypothesis that follows the basic strategy of Lang and Litzenberger (1989) . To do so, we add interaction terms consisting of cash flows and investment opportunities (i.e. CF/K*I(.)). Lang and Litzenberger (1989) simply use the value of unity for Tobin's Q as a threshold to distinguish between good or bad investment opportunities. Setting up thresholds for the fundamental Q, however, is less obvious. To check for the robustness of the findings, we use six methods (discussed below) to separate good and bad investment opportunities in Table 4 and Table 5 . The results are generally consistent.
In Table 4 , four threshold values are used to distinguish between good and bad investment opportunities. The first set of models (Models from 5 to 6f) use zero as the threshold. The only difference between NFQ4 and NFQ is that the former considers an investment as a poor opportunity if the firm has negative 'fundamental' Q for at least four years within the effective sample period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , while the latter looks only at the average. We also use Tobin's Q (value of unity) as the benchmark and find that 12% of the observations are lower than unity. Thus a dummy variable is constructed, I(FQ12), which equals zero if the fundamental Q is above the 12% threshold, or unity otherwise. Additionally, a 30% threshold is used with the same logic to construct a dummy I(FQ30) as a poor investment opportunity indicator. The coefficients are positively significant despite the different thresholds. The message here is clear: firms with poor investment opportunities tend to overinvest. According to the FCF hypothesis, this investment generates less benefits for the shareholders but better satisfy the management incentives. Thus, the results show that energy firms in China have a clear FCF problem and tend to invest in less profitable projects.
A further robustness check reported in Table 5 , which separates the fundamental Q into three evenly divided groups (FQ1, FQ2 and FQ3), further confirms our results in Table 4 . The coefficients on the interaction terms (CF/K*FQ1) of the lowest investment opportunities group (smallest fundamental Q) are positive and significant, indicating that those firms with positive cash flows but poor investment opportunities tend to invest, suggesting evidence of overinvestment problem. This result remains robust even if we consider only those firms with positive cash flows (set to zero if negative). The results for all other control variables in Table 4 and 5 stay qualitatively the same as the previous baseline regression results reported in Table 3 and therefore we do not discuss them any further.
Impact of Size and Ownership on Investment
The existing literature shows that the ownership structure matters for firms' investment decisions. In China, large firms and those firms under significant state
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control are less likely to be subject to major financial constraints while firms with a lower level of state control are more likely to be constrained financially. Consequently, the investment decisions of the firms are expected to be sensitive to the firm size and their ownership structure. We now investigate how these factors affect the results of the FCF test.
In this section, we consider four criteria to divide the firms into several groups: size, state share of holdings, manager share of holdings, and institutional share of holdings. Table 6 reports the results of the size groups and ownership groups I (level of state share holdings). Most of the coefficients in the regression models stay the same as before. However, the FCF problem becomes more significant for the small firms but insignificant for the large firms. We have to keep in mind that the small firms in or sample on average have relatively better investment opportunities (see Table 2 ). But when we investigate this issue deeper, the positive coefficient on the interaction term of CF/K and FQ1 (CF/K*FQ1) reported for the small firms suggests that these firms tend to invest when facing poor investment opportunities. Larger firms, on the other hand, show no clear tendency to have overinvestment problems since only the coefficient for the interaction term of CF/K and FQ3 (good investment group) is significant.
Overall, the results suggest that large Chinese firms invest when investment opportunities are good and are less affected by financial difficulties (as indicated by the positive but insignificant debt ratio effects). Smaller firms, on the contrary, tend to overinvest even when they face poor investment opportunities and are much more concerned with the possibility of bankruptcy (as shown by the significant negative debt ratio effects). When we look at the state ownership results, the result remains the same. In the energy related firms, large firms are associated with higher state ownership, and thus they are less likely to suffer from financial constraints and less concerned with bankruptcy ('too big to fail').
The FCF problem is mainly due to conflict of interest between managers and shareholders. In this sense, allowing managers to hold stakes in their own firms can potentially alleviate the agency problem. Thus, we would expect to see less of an FCF problem in firms with higher manager shareholdings. This hypothesis is confirmed in Table 7 where models from 15 to 16a are employed to capture manager shareholdings. Other things being equal, low manager shareholding firms have stronger FCF problems. The coefficient of (CF/K) ⇑FQ1 for low MANHLD firms is significant and positive, whereas it is insignificant for the high MANHLD firms. It is also interesting to note that the investment model differs considerably for firms with high manager shareholdings.
The results for institutional shareholding are reported in models from 17 to 18a in Table 7 . Institutional shareholders normally have more power than private
shareholders. Thus we would expect that higher institutional shareholdings would be associated with better protection of shareholders' interests. However, the results show that higher institutional shareholdings tend to make the firms suffer more from the FCF problem. One explanation for this counterintuitive finding could be related to state ownership. Firms with high institutional shareholdings tend to have less state ownership (the correlation is 0.89 in our sample). According to the results of models 13 to 14a, low state-share ownership firms are more likely to have an FCF problem. In this sense, at least for the energy related firms in China, the state ownership dominates the institutional share holdings.
Conclusions and Policy Implications
The rising energy prices in the new century have helped energy related firms in China accumulate significant free cash flows and investment by these firms has grown dramatically both domestically and internationally (Tan, 2013) . Whether this investment increases firm value to the benefit of shareholders, or just reflects the managers' interest in the 'empire building' is subject to empirical investigation and has important policy implications for regulators pursuing efficiency. This paper follows the standard finance literature to study the agency problems and tests the FCF hypothesis for energy firms in China. Our main contributions include using a better proxy, namely the fundamental Q, testing the FCF hypothesis in alternative model settings, and taking into consideration of firm characteristics, especially their ownership structure and governance factors.
Our empirical results support the FCF hypothesis in the case of Chinese energyrelated firms. We find that these firms tend to overinvest even when further investment opportunities become poor. The results are robust to different specifications of thresholds and consistent with economic theory. Investment tends to have a 'momentum' effect (positive autocorrelation) and there are also adjustment costs. The 2008 crisis has a clear role in reducing firm investment, but the same holds for the debt-capital ratio. Since the latter both represent financial difficulties, it is generally consistent that firms with financial difficulties are inclined not to invest.
The size of the firms, and their degrees of state ownership and levels of managerial and institutional share holdings are also considered. The larger the firm, the less likely it will be affected by the FCF problems, which indicates that more regulatory efforts should be made and the focus should be on the relatively smaller firms. Our results also show that the state ownership does not necessarily mean less efficiency, since firms with more state ownership are less likely to suffer from the FCF problem, whereas those firms with lower state shares tend to overinvest. There are intensive regulations and rules guiding investment in the energy and resource sectors, mainly covering the state owned firms (Tan, 2013) . In this sense, the results reported in this paper may indicate that there are insufficient regulatory measures for those firms with less state shareholdings.
As managerial shareholding is found to be helpful in alleviating the agency problem, one way of solving the FCF problem may be allowing managers to hold stakes in their own firms. On the other hand, contrary to our intuition, our results indicate that higher institutional shareholdings tend to increase the FCF problem. This may be due to the fact that firms with high shares of institutional holdings are often the firms with lower levels of state ownership.
Overall, like the US oil sector, our empirical evidence supports the FCF hypothesis in the energy related firms in China, and finds evidence that firm size, ownership structure, and governance are important factors for understanding the agency problem in China's energy firms. Further evidence from other countries and episodes would be interesting to see whether other emerging economies like China suffer from the FCF problems. Note: for all the ratios, K is the beginning of the year book value of fixed assets minus depreciation. Cash flow is defined as the depreciation of fixed assets plus operating profit before tax, interest and dividends. Effective sample excludes the first four years used to estimate the Panel VAR model. . For all models, the dependent variable is investment ratio (I/K). CF/K stands for Cash flow ratio. Investment is equal to cash outflow for the purchase of new fixed assets and other long-term assets as shown in cash flow statement, cash flow is the sum of depreciation of fixed assets plus operating profit, K is the net value of fixed assets at the beginning of the year. Equation (5) , and zero otherwise. The lags of (I/K) ୲ିଵ , (I/K) ୲ିଵ ଶ , (S/K) t-3 and (P/K) t-3 are instruments in the system GMM estimation. Sargan test is employed to verify the null hypothesis of joint validity of instruments used in system-GMM, Autocorrelation tests are also used to determine the proper number of lags taking for the instrument variables. These testing results are not reported but available upon request. Standard errors are in brackets and we use * for 10% level of significance and ** for 5% and *** for 1%. 2 t − 1 , (S/K) t -1 and (P/K) t − 1 are used as instruments in the system GMM estimation. Sargan test is employed to verify the null hypothesis of joint validity of instruments used in system-GMM, Autocorrelation tests are also used to determine the proper number of lags taking for the instrument variables. These testing results are not reported but available upon request. Standard errors are in brackets and we use * for 10% level of significance and ** for 5% and *** for 1%.
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(1) (2) (3) (4) (2f) (3f)(4f)
Neg. FQ4
Neg. FQ FQ12 FQ30
(5) (5f) (6) (6f) This table reports system-GMM estimates of the testing regressions of full sample. For all models, the dependent variable is investment ratio (I/K). CF/K stands for Cash flow ratio. We classify good investment opportunities and bad investment opportunities according to the level of 'fundamental' Q into three groups. Group 1 is the lowest, which is labeled as FQ1 and group 3 has the best opportunities and labeled as FQ3. Each model include the 2008 GFC has a f suffix. The lags of (I/K) t − 1 , (I/K) 2 t − 1 , (S/K) t − 1 and (P/K) t -1 are used as instruments in the system GMM estimation. Sargan test is employed to verify the null hypothesis of joint validity of instruments used in system-GMM, Autocorrelation tests are also used to determine the proper number of lags taking for the instrument variables. These testing results are not reported but available upon request. Standard errors are in brackets and we use * for 10% level of significance and ** for 5% and *** for 1%. A C C E P T E D M A N U S C R I P T This table reports system-GMM estimates of the testing regressions of sub-group set I. For all models, the dependent variable is investment ratio (I/K). CF/K stands for Cash flow ratio. We classify good investment opportunities and bad investment opportunities according to the level of 'fundamental' Q into three groups. Group 1 is the lowest, which is labeled as FQ1 and group 3 has the best opportunities and labeled as FQ3. The sub-samples are separated according to size (model 11-12a) and state ownership (model 13-14a). The lags of (I/K) t − 1 , (I/K) 2 t − 1 , (S/K) t − 1 and (P/K) t − 1 are used as instruments in the system GMM estimation. Sargan test is employed to verify the null hypothesis of joint validity of instruments used in system-GMM, Autocorrelation tests are also used to determine the proper number of lags taking for the instrument variables. These testing results are not reported but available upon request. Standard errors are in brackets and we use * for 10% level of significance and ** for 5% and *** for 1%. This table reports system-GMM estimates of the testing regressions of sub-group set II. For all models, the dependent variable is investment ratio (I/K). CF/K stands for Cash flnv ratio. We classify good investment opportunities and bad investment opportunities according to the level of 'fundamental' Q into three groups. Group 1 is the lowest, which is labeled as FQ1 and group 3 has the best opportunities and labeled as FQ3. The sub-samples are separated according to manager share holding (MANHLD, model 15-16a) and institution share holdings (INSHLD, . The lags of (I/K) t − 1 , (I/K) 2 t − 1 , (S/K) t − 1 and (P/K) t − 1 are used as instruments in the system GMM estimation. Sargan test is employed to verify the null hypothesis of joint validity of instruments used in system-GMM, Autocorrelation tests are also used to determine the proper number of lags taking for the instrument variables. These testing results are not reported but available upon request. Standard errors are in brackets and we use * for 10% level of significance and ** for 5% and *** for 1%. A C C E P T E D M A N U S C R I P T
ACCEPTED MANUSCRIPT

Highlights
• We test whether the Chinese energy firms tend to misallocate resources due to growing free cash flows.
• A dynamic panel model for the period 2001-2012 for the Chinese energy-related public listed firms is employed.
• We find evidence supporting the free cash flow hypothesis, suggesting over-investment problems in the Chinese energy sector.
• Firm size and corporate governance structure are important determinants of the Chinese energy firms' investment decisions.
